consequently the mean kinetic energy of internal motion (i. e. of that relative to the new axes of coordinates), is the same for the atoms.
2. A gaseous mixture distributes itself in a horizontal tube rotating about a vertical axis, exactly as if each of its constituents were present alone in equilibrium under the action of gravity and of centrifugal force. A tube 1 metre (1) long, with one end in the axis of rotation, must nmke about ten (n) revolutions per second in order that a mixture of hydrogen and carbon dioxide shall contain at one end 1 per cent. (p) carbon dioxide more than at the other. The rotation must last about two hours in order that the previous deviations from a stationary distribution shall become about one hundred times smaller ; p is proportional to the square of the velocity of the moving end of the tube, and therefore to l'2n ~.
XXXV. Notes on 2~]+ysiological 02)tics.
By W. LE CO~'E S~VE~S % I N the ' Philosophical Magazine' for May1882 the present writer discussed certain phenomena of ~ ision under variable physiological conditions. Among these was stereoscopy, attained from a pair of perfectly similar diagrams, with parallelism or slight divergence of visual lines~ the binocular resultant image being caused to appear concave, convex~ or plane at will, by properly adjusting the cards in position so/.hat the two retinal images fl'om them could be made either slightly dissimilar or alike. A geometric discussion of this was given in connexion with the record of other experiments that illustrated the important effect of muscular action in modifying our unconscious interpretation of retinal sensations. This discussion was preceded by a consideration of the current theory of corresponding retinal points, which was accepted only in a modified sense, and not mathematically. It was assumed that~ in examining the binocular resultant~ freedom of motion is allSwed the eyes--a condition that has usually been found necessary when stereoscopy by this method is pertbrmed for the first time by any one who is not skilled in binocular experiments. Even at that date the writer was convinced that play of the eyes was not indispensable, however effective it might be in confirming the visual judgment. The geometric discussion, though correct so far as it extends, was not deemed capable of covering all the facts ; but to test the extent to * An Abstract fl'oln two 1)apers read before the American Association for the Advancement of Science at the Montreal meeting in August 1882. Communicated by the Author. Downloaded by [RMIT University Library] at 01:58 20 June 2016 which it was possible to attain such results without motion of the eyes, it was important to employ the electric spark as a means of illmnination. The opportunity of doing so was then wanting~ but has since been secured.
Vision by tl~e Light of the fElectric Spark.
The apparatus employed for the production of momentary illmnination was a large induction-coil belonging to the Physical Laboratory of Columbia College (New York), and loaned for the purpose by Professor O. N. Rood. The stereoscope used was the reflecting instrument described in a former paper*, which had been so constructed as to give for registration the angle, positive or negativ% between the observer's visual lines, the distance of each card from the eye that receives its iinage~T and the angle which the plane of this card makes with the ~ isual line, assuming the latter to be horizontal and the axis of rotation of the card to be vertical. The writer was fortunate in securing the cooperation of Mr. W. W. Share, Assistant in Physics in Columbia College, who soon acquired more than usual skill in the control of his eyes for binocular experiments.
In the dark room the stereoscope was first so arranged that parallelism between the two visual lines was necessitated, in obtaining binocular vision of the pair of pictures at the moment these were equally illuminated by the passing of a spark The plane of each card being perpendicularly across the supporting arm of the reflector, the binocular resultant presented the appearance of a series of concentric circles on a flat surface. By rotatin-~ each card through a known angle on its vertical a:~is, the bi~mcular resultant could be made to assume at will the form of a convex or concave elliptic shield. The observer was seated with closed eyes in fi'ont of the stereoscope while the manipulator of the apparatus arranged the cards. The observer, not knowing whether this arrangement would produce planeness, convexity, or concavity, was then invited to open his eyes and interpret the binocular retinal sensation attained t)y the illumination of the cards with a single spark. It was found possible, nearly always, to make a correct interpretation at the first trial. Mr. Share and the writer acted each alternately as observer and manipulator; and the result attained was confirmed by the experience of Professor Rood, who tried the same experiments independently.
The distance and diameter of the circle on each card being known, and also the angle of rotation on its vertical axis, it becomes possible to calculate the maximum retinal displace-* Philosophical Magazine, December 1881. Downloaded by [RMIT University Library] at 01:58 20 June 2016 ment of images which would have corresponded retinally if the angle of rotation, ~b, were zero. The attention being specially given to the centre of the binocular concave or convex resultant, the illusion of binocular unity and depth in the picture remained possible when the retinal displacement corresponding to marginal portions of the combined image was as great as "39 millim., or more than 80 times the diameter corresponding to what has been estimated to be the minimum vislbile. By giving attention, through indirect vision, to the marginal portions, the illusion of binocular unity was easily destroyed, and double images at once became detectable. The result was confusion and loss of the third dimension in space at these marginal portions, while the perception remained clear for central portions where no duplication could be perceived. These effects were noticed by both Mr. Share and the writer.
The pictures found best in these experiments were concentric circles consisting of broad black bands on a white ground, or of white bands on a black ground. Various other stereographs, were emp y ,lo ed many of them. constructed for the pro duchon of stereoscopic relief, which could be reversed or totally suppressed by appropriate arrangement of the cards on the arms of the stereoscope. The peculiar nature of the relief, whether direct or reversed, was what the observer was requested to ascertain, and with satisfactory results, usually without delay. The most dii~cult case was that in which one picture consisted of a red diagram on a green ground, the other a green diagram of the same size on a red ground.
A series of experiments, continued through many days, was tried under illumination with the electric spark, by Mr. Share and the writer jointly, to test still further the effect of muscular strain in modifying the unconscious interpretation of the binocular retinal image as discussed in a former papert. The optic angle was varied from 3 ° of divergence to 50 ° of cortver@ence of visual lines, while the stereograph of the moon was again employed, being kept at a fixed distance on the arms of the stereoscope while the observer, under the abnormal conditions imposed, was requested to form an estimate of apparent distance and diameter. Each acted as manipulator and recorder for the other, the observer being kept ignorant of his own record until the whole series of experiments was completed. The result was in each case quite similar to that formerly obtained with vision by continuous light; but the limit of error was much wider, showing that under such unusual conditions no single visual judgment is worthy of any confidence. The general effect on each, however, was that * Philosophical Magazine~ December 1881. Downloaded by [RMIT University Library] at 01:58 20 June 2016 strain of the internal rectus and cilia W muscles produces the illusion that the object perceived is smaller and nearer.
The above is a mere statement of facts. Any discnssion they may suggest is reserved for a future paragraph.
T]~e Binocular' Union of Spectrcd Im(~ges.
If a sharply defined object be momentarily illuminated by the intense light of the electric spark, a positive after-image is perceived and quickly followed by a negative image of short duration. If the gaze be very steadily fixed upon one point of an object that is strongly illmninated by the direct rays of the sun, the eyes being at the same time protected fi'om the glare proceeding from surrounding objects, a negative afterimage is obtained that lasts several minutes. Since its existence is duo to fatigue of the retina in certain parts while others remain unfatigued, such an image appears always in the direction of the visual line, changing in apparent position with every motion of the eye.
The late Professor W. B. Rogers, of Boston, published in 1860 * some experiments on the binocular union of afterimages from illuminated lines so arranged as to produce the appearance of relief. Perspective after-images were likewise obtained by Wheatstone and by Wundt ; but an objection to conclusions drawn fl'om such perceptions as these consists in the fact that the observer knows what effects would result in direct vision under the conditions imposed; indeed he simply retains a subjective perception of what he has just seen binocularly. It is difficult to determine how far the perception may be due to imagination rather than to immediate retinal sensation. Professor Rogers succeeded in attaining perspective after-images even when the luminous lines were regarded successively instead of together; but thus far no one else seems to have confirmed this result; and the experiment is still liable to the objection that the visual judgment is warped by anticipation and association. Experiments therefore have lately been made with a view to testing these results, and at the same time to ascertain whether any modification would be imposed by varying the muscular conditions under which the spectral images ~re seen.
1. A~ross the median plane of vision was held a card with the upper edge more remote than the centre, so that a white band from top to bottom on a dark background was inclined about 40 °. This was fixedly regarded with each eye sepa- rarely in succession, while held in direct sunlight, until both retinas were fatigued. On going then into a slightly darkened room, the inclined spectral image was easily perceived, apparently in mid-air. On making the visual lines parallel, it became projected on the wall, but without losing its obliquity. On strongly contracting the internal rectus muscles, it appeared still directly in front, but much smaller and nearer. The experiment was repeated many times, and varied, but with uniform results.
2. On separate cards a pair of diagrams were constructed in such a manner as to produce an image in relief when binocularly viewed, in the stereoscope or otherwise. These were separately and successively regarded in sunlight, each with the appropriate eye. In the dark room the resultant afterimage appeared in nfid-air in clear relief. On shutting one eye, the component image that remained visible to the other was at once projected upon the wall as a flat picture. Strongly contracting the ciliary muscle of the eye remaining open~ without sensibly contracting the rectus muscles, the picture was made to approach and grow apparently smaller, in almost as marked a degree as by the previous experiment.
3. A series of concentric black and white circular bands was constructed on a card, which was held in a vertical plane obliquely crossing the horizontal ~isual line of the left eye. After the retina had become fatigued, the same card was held across that of the right eye~ but with opposite obliquity, so that the distortions of the elliptic images on the two retinas should be opposite in sense. Each eye was closed while the other was receiving light from the card. The resultant spectral image was concave instead of plane, and presented the same variations with change of muscular conditions as in previous experiments.
4. To ascertain whether these perspective stereoscopic effects were due to imagination and association, or whether they were the immediate outcome of retinal sensation, from the existence of dissimilar images remaining through fi~tigue in the two eyes, it was necessary to test some one whose eyes were normal, but who was ignorant regarding the nature of the visual effects to be produced, and who therefore could not be influenced by anticipation. It was found possible to enlist the interest of a youth of good general intelligence, who was entirel~ unacquainted with even the elementary principles of binocular vision. He submitted to be trained until he could secure monocular after-images successfully with either eye at will. Without granting him the slightest clue b) -which results could be anticipated, the writer employed a pair of cards on Downloaded by [RMIT University Library] at 01:58 20 June 2016 which were diagrams so arranged that the binocular resultant could be made either a raised cone, a fiat picture, or a hollow cone~ according to the mode of combination selected. These cards were viewed in sunlight, never binocularly, but always separately and in succession, the relation between the pictures being varied in successive experiments. As soon as the retinas were fatigued, the observer was led into a perfectly dark roon b and requested to describe the resultant spectral images perceived. Without allowing him ever to know whether his visual judgments were right or wrong, these experiments were repeated day after day, until the youth's own conclusions were definitely formed by repeated interpretation of his retinal sensations. His judgments were in the majority of cases eorrect, during the latter part of the time inwtriaiJly so ; and by spectral images alone he learned what should be the proper arrangement of pictures to produce a binocular resultant that was concave or convex at will. The cards with concentric circular bands were then substituted ; and in like manner he soon learned what kind of obliquity should be given the plane of each card in oMer to produce a concave or convex spectral binocular image immediately afterwards. His eyes were not sufficiently trained to enable him to test the effect of varying the tension in either ciliary or rectus muscles~ nor was he able to perceive duplication in any part of any binocular spectral image.
5. A pair of diagrams were constructed in such manner as to show very plainly the binocular duplication of central parts in the background when the %reground was regarded and the gaze was monocularly directed to the centre of each in succession, with the usual precautions. The spectral image presented the appearance of relief. By an effort of special attention the duplication of the background became perceptible; but at the same moment the appearunce of relief was lost.
Results fi'om the J~aTerlments just described.
These experiments, in conjunction with those made by the light of the electric spark, show that in the new mode of stereoscopy play of the eyes is by no means necessary, although it constitutes an important aid in all cases where a clear visual judgment is not attainable at the first glance. They show also very conclusively that the conscious perception of double images in the binocular field of view, on which so much stress was laid by Sir David Brewster ~, far from being conducive to clearness of binocular perception, tends rather to interibre with it. If it be said that we unconsciously perceive them and intuitively distinguish between the two kinds~ homonymous and heteronymous, this conclusion cannot be confirmed or disproven, except so far as experiments like those just detailed may be accepted as having some bearing upon the subject. The writer's disposition is to discard intuition entirely, and, with Hehnholtz~ to regard the degree of attention bestowed upon objects pictured at the same moment on different parts of the two retinas as an element of more importance than either play of the eyes or the perception of double images. The point in the field of view to which most attention is habitually given is that pictured upon corresponding retinal parts ; but the attention is at the same moment divided, being given in less degree to many other parts of the field of view as simultaneously perceived with each eye. The mental suggestion due to the impression of non-corresponding parts is that of the third dimension in space. If this be called the perception of double images, their effect seems to be dependent upon their not emerging into consciousness. Add to this the fact that the gradation between single and double vision is wholly imperceptible, and hence that for infinitesimal departures 'from single vision there can be no demonstrable distinction between the two kinds of double images. In the interprefation of our sensations we are certain that experience is our habitnal guide, though by no means always a reliable one. Whether intuition can be accepted as an additional guide at all, it is not easy to pronounce. The debate between the advocates of the empiristic and nativistic theories is doubtless like the well-known quarrel about a cerLain shield, and may be continued indefinitely. The domain of intuition is certainly far more limited than was thought a few generations ago; whether it can be reduced to zero may perhaps be decided a few generations hence. In all ordinary cases of binocular vision the effect is cmnulative. The judgment quickly reached is a product not only of difference in the degree of attention given at the same moment to objects seen by direct and by indirect vision respectively, but also of variation in attention to different points directly viewed in succession, of the umscular sense while fi'ee play is given to the eyes, and of all the elements available in monocular vision, which have been grouped together under ihe name of physical in contrast with physiological perspective.
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